The Wolf-Rayet star Mk 34 was observed more than 50 times as part of the deep T-ReX Chandra ACIS-I X-ray imaging survey of the Tarantula Nebula in the Large Magellanic Cloud conducted between 2014 May and 2016 January. Its brightness showed one bright maximum and repeated faint minima which help define an X-ray recurrence time of 155.1 ± 0.1 days that is probably the orbital period of an eccentric binary system. The maximum immediately precedes the minimum in the folded X-ray light curve as confirmed by new Swift XRT observations. Notwithstanding its extreme median luminosity of 1.2 × 10 35 erg s −1 , which makes it over an order of magnitude brighter than comparable stars in the Milky Way, Mk 34 is almost certainly a colliding-wind binary system. Its spectrum shows phase-related changes of luminosity and absorption that are probably related to the orbital dynamics of two of the most massive stars known.
INTRODUCTION
The Tarantula Nebula or 30 Doradus in the Large Magellanic Cloud is the most important star-forming complex in the Local Group. At its heart is R136, the stellar cluster that contains the most massive stars known (Crowther et al. 2010 (Crowther et al. , 2016 which fall into the categories of O stars and more particularly hydrogen-rich Wolf-Rayet stars. Between 2014 and 2016, a high-spatial-resolution X-ray imaging survey known as T-ReX was undertaken with the Chandra Observatory to study both the stellar population itself and the thermal and dynamical effects wrought by stellar winds and supernova shocks on the surrounding interstellar medium.
The exposure time of 2 million seconds accumulated over nearly 21 months offers a far more intensive view of the stars in 30 Doradus than anything so far available for the Milky Way although there have been significant amounts of X-ray observing time on individual massive stars such as the nearby, single, early O-type supergiant ζ Puppis (e.g. Nazé et al. 2012) , long used by XMM-Newton as a calibration source, and the more distant long-period binaries WR 140 (e.g. Pollock 2012 ) and η Carinae (e.g. Corcoran 2005) . There is a clear physical distinction between the E-mail: A.M.Pollock@sheffield.ac.uk soft intrinsic X-ray emission produced in the winds of single stars, commonly attributed to many microscopic shocks supposed by Feldmeier et al. (1997) and others to form as a consequence of instabilities in the wind-driving mechanism, and the harder, more luminous emission resulting from the macroscopic shock interaction between the counterflowing winds in a bound system of two or more massive stars (e.g. Stevens et al. 1992; Rauw & Nazé 2016) .
The variability properties of single and binary stars are also different. The XMM-Newton data of ζ Puppis collected intermittently over many years have shown stochastic variability of unknown origin of up to 10% or so on timescales of hours or days (Nazé et al. 2013 ) that appears typical of the intrinsic emission of single O stars in general. Among the binaries, on the other hand, the highly eccentric system WR 140, of 7.9-year orbital period, shows changes in X-ray intensity many times higher determined mainly by the relative disposition of the two stars through orbital separation and stellar conjunction (e.g. Pollock 2012; Sugawara et al. 2015b) . Closer binary systems with periods, P , of days rather than years, such as the Wolf-Rayet binary V444 Cygni (WN5o+O6III-V, P = 4.2d), can show highamplitude phase-repeatable X-ray variability, more complex than at longer wavelengths, where the hardness of the spectrum suggests colliding winds are involved (Lomax et al. 2015) . On the other hand, X-ray emission from the promi- nent visual eclipsing O-star binary δ Orionis (P = 5.7d) looked more like a single star in its behaviour during a simultaneous X-ray and optical campaign (Nichols et al. 2015) that covered most of an orbital cycle. For single and binary stars, variability in any part of the electromagnetic spectrum is an observational property of significance for determining the physical nature of a system. The T-ReX survey, which will be described in detail elsewhere, offers unprecedented opportunities of this type in the X-ray band. This paper concentrates on one particular star, Melnick 34 or BAT99 116, abbreviated Mk 34, near the centre of the broader survey. It lies 10 or 2.5 pc projected distance east of R136, the dense stellar core of 30 Doradus from which, as shown in Figure 1 , it is comfortably resolved by the Chandra telescope with the ACIS-I instrument which offers by far the best X-ray resolving power available now and in the foreseeable future.
Mk 34 is a hydrogen-rich Wolf-Rayet star, classified WN5ha by Crowther & Walborn (2011) or WN5h:a by Hainich et al. (2014) , who assigned a high mass of 390 M through spectroscopic analysis. In the VLT-FLAMES census of the hot luminous stars in 30 Doradus (Doran et al. 2013) , similar analysis suggested Mk 34 to be the second most luminous star behind R136a1 and to have the highest mass-loss rate of 6.3 × 10 −5 M /yr among 500 confirmed hot stars, about 20% higher than the estimate of Hainich et al. (2014) . The colour index B − V = 0.25 shows that the star suffers significant extinction and X-ray absorption in the interstellar medium.
Through the discovery of dramatic optical radialvelocity variations that increased smoothly over 11 days only to have vanished a week later, Chené et al. (2011) established Mk 34, also designated P93 1134, to be a highly eccentric binary of two very massive stars. The data plotted in the middle panel of their Figure 1 suggest an orbital period greater than 50 days and a mass ratio of about 0.8.
Previous X-ray measurements showed it was the brightest stellar X-ray source in 30 Doradus, designated ACIS 132 of the 180 sources in the complete 1999 Chandra study of Townsley et al. (2006) and CX 5 of the 20 bright objects discussed by Portegies Zwart et al. (2002) . Before any published optical radial-velocity evidence, their common speculation was that Mk 34 is a binary with X-rays powered by colliding winds, this despite a luminosity about an order of magnitude higher than any comparable system in the Milky Way and no evidence for variability, either in the Chandra data or in comparison with other measurements years earlier.
Chandra T-REX CAMPAIGN
The 51 observations of the Chandra Visionary Program (PI: Townsley) known as T-ReX, to signify the Tarantula -Revealed by X-rays, were executed over 630 days between 2014 May 3 and 2016 January 22. They were all targeted at R136a1, the central star of the dense stellar core of 30 Doradus that lies 10 from Mk 34, and were executed at different spacecraft roll angles according to season. The ACIS-I field-of-view measures 16.9 ×16.9 so that Mk 34 was always located in the central parts of the detector where the angular resolution is at its sharpest. The disposition of sources including Mk 34 with respect to detector edges or bad-surface geometry depends on the roll angle which thus partly determines detection sensitivity. Each observation was analysed with the ACIS Extract package (Broos et al. 2010 ) used in previous work on stellar clusters, notably the Chandra Carina Complex Project (Townsley et al. 2011; Broos et al. 2011) . For point sources such as Mk 34, the package delivers overall X-ray count rates and medium-resolution spectra with accompanying calibration material dependent on individual observing conditions to allow robust comparison of measurements taken at different times. For Mk 34 in this paper, the detected count-rates were corrected according to the relative mean of the energy-dependent effective area tabulated for each observation in the ARF file, the so-called associated response function, that also encodes the instrumental geometry.
The observation log in Table 1 shows the sequence of sensitivity-corrected count rates for Mk 34 during the TReX campaign with three earlier archived observations from 2006 January bringing the total to 54.
As discussed by Broos et al. (2011) in their Appendix A and Townsley et al. (2014) , sources observed with the Chandra ACIS instrument are subject to pile-up in which two or more photons detected in identical or adjacent spatial and temporal readout elements are indistinguishable from single events with the energies combined. These are then either accepted or discarded according to geometrical criteria known as grade selection. The outcome of these two effects is a reduction in the count rate that scales linearly with source brightness in Mk 34 and spurious hardening of the spectrum. For each X-ray source, the ACIS Extract package provides simulated countermeasures in an overall count-rate correction factor and a spectrum restored to remove pile-up distortion. Mk 34 has been bright enough during most of its Chandra observational history in Table 1 for pile-up to be significant: the count-rate correction factor increases linearly with detected count rate to a maximum of 1.17 about a median of 1.08. While it is important to be aware of the extent of pile-up, the temporal analysis discussed below is most reliably done without pile-up corrections which have therefore not been applied to the count rates in Table 1 . On the other hand, use of the reconstructed spectra is unavoidable for the X-ray spectroscopy considered below in section 3.
Chandra X-ray photometry of Mk 34
The 54 observations of Mk 34 had exposure times between 9.8 and 93.7 ks about a median of 37.6 with count rates ranging between 2.2 and 76.2 counts per ks about a median of 35.8. The 51 count rates of Mk 34 during the 630-day TReX campaign itself are plotted in Fig. 2 and show obvious variability. This first became clear when two high measurements separated by 3 days in 2014 August at about twice the median were followed 11 days later by a measurement close to zero and a further 6 days later at about half the median. A second minimum stretching over about a week in 2015 December and other brighter measurements in Fig. 2 strongly suggest 4 cycles of repeatable structure in the course of the 630-day T-ReX campaign.
Given the irregular sampling of the light curve, a more precise value was explored through minimum string-length analysis of the quantities {xi, yi} = {ri cos φi, ri sin φi} where ri is the count rate of the ith measurement ordered in folded phase of a trial period. The results are plotted in Fig. 3 . The minimum value of the string length curve infers a best-value period of 155.1 days with an uncertainty of 1 or 2 days. We also considered the Plavchan algorithm (Plavchan et al. 2008) implemented by the NASA Exoplanet Archive 1 . Although this method is considered by its authors better suited to the detection of small-amplitude variations among much more numerous data than available for Mk 34, it gave similar results.
The folded light curve with P = 155.1d is shown in Fig. 4 , where the maximum count rate was taken to define zero phase. The folded light curve shows accurate repeatability: despite some missing coverage, the light curve clearly shows an accelerating 30 or 40-day rise to maximum, followed by a sharp decrease in a few days to a minimum that lasts a few days, before a steady 10-day recovery to a relatively stable state of probably more than 100 days in length. Count rates plotted in grey from the archived observations over 10 days in late 2006 January agree within small errors with those close in phase taken 8-10 years later as the rise began to accelerate. The decrease after maximum appears very steep: in the folded light curve the closest measurements were 1.6 and 7.9 days later when the count rate had fallen by factors of 1.3 and more than 30, respectively.
There is little evidence for rapid variability within individual observations as shown by the modest values of log PKS 1 http://exoplanetarchive.ipac.caltech.edu Table 1. reported in Table 1 , where PKS is the P-value for the onesample Kolmogorov-Smirnov statistic under the hypothesis of constant source flux.
X-ray historical record
The XMM-Newton science archive 2 shows that Mk 34 has been detected 3 times by the EPIC imaging spectrometers with the count rates reported in Table 2 during observations of PSR J0537-6909 in 2001 November, IGR J05414-6858 in 2011 October and in one exposure in 2012 October of the 48 forming a wide-area survey of the LMC. The three EPIC instruments, pn, MOS1 and MO2, observe simultaneously and cover nearly identical fields-of-view although Mk 34 was Table 1 . Log of Chandra observations in the T-ReX survey of 30 Doradus with observation ID and epoch; exposure time, T; sensitivity factor relative to the ObsID 7263 maximum; sensitivity-corrected count rate per 1000s of Mk 34; Kolmogorov-Smirnov variability test log-probability; and phase interval covered, φ, of the 155.1-day cycle centred on the X-ray maximum of 2014-08-22. Table 2 . The 3 observations all took place in the rising part of the X-ray light curve with the 2001 measurement, the brightest of the three, a few days before maximum light 30 cycles earlier than the T-ReX maximum suggesting an uncertainty in the period of the order of 0.1 days.
New Swift X-ray photometry
Once the T-ReX campaign had finished, Mk 34's putative period of 155.1 days was used to predict the timing of the next maximum in early 2016 May. With the recognition that the source is strong enough for sufficiently accurate measurements in reasonable exposures with the Swift XRT instrument in imaging PC mode, an application for Swift ToO observations was submitted and approved to cover the anticipated maximum and subsequent minimum at intervals of about 7 days. The results are shown in Table 3 where the sequence of detected count rates confirms the expectations based on the Chandra folded light curve in Figure 4 : the highest count rate detected on 2016 May 3 within hours of the predicted maximum was about twice as bright as the measurement about a month later. The much lower intervening count rates did not match the reductions of factors of 30 or so observed with Chandra, probably because of source confusion within the more modest angular resolution of the XRT which, in common with any other current X-ray instrument, does not match that of ACIS images. The Swift XRT Figure 5 . Chandra ACIS-I X-ray spectrum of Mk 34 accumulated from all the available data.
images show two clearly resolved sources coincident with Mk 34 and R140a that are separated by 54 but cannot distinguish between Mk 34 and R136c only 7 away but a median factor of 8.6 fainter in resolved Chandra images.
Chandra X-RAY SPECTROSCOPY OF MK 34
The accumulated moderate resolution ACIS-I X-ray spectrum of Mk 34 shown in Figure 5 gives a clear qualitative picture of its general spectral properties. The spectrum is hard, stretching beyond the clear detection of Fe xxv at 6.7 keV with the presence of a strong continuum in addition to emission lines at all energies. This type of spectrum is characteristic of well-established colliding-wind binaries such as WR 140 (e.g. Pollock et al. 2005) , WR 25 (e.g. Pollock & Corcoran 2006 ) and η Carinae although, given the 50 kpc distance of the LMC, Mk 34 is more luminous. In comparison with WR 25 at about 2.3 kpc in Carina, for example, Mk 34 is more than 20 times further away and normally only 10 times fainter, suggesting a luminosity greater by roughly an order of magnitude. The much weaker intrinsic emission of some single Wolf-Rayet stars such as WR 78 (Skinner et al. 2010 ) and WR 134 (Skinner et al. 2012 ) also show He-like line emission of Fe xxv from very hot plasma but with no obvious continuum which therefore appears to be an important defining property of colliding winds. At low energies, the spectrum of Mk 34 is marked by a steep cutoff below about 1 keV, likely due to a combination of circumstellar and interstellar photoelectric absorption, leaving little flux at the energies most affected by the instrumental contamination discussed below. Each of the 54 individual spectra that contribute to Figure 5 is accompanied by customised response files that reflect the contemporary calibration of the ACIS instrument and enable detailed models of the observed spectra to be constructed. Of particular relevance is knowledge of the instrumental contamination 3 that affects most the sensitivity at low energies and has been building up in the ACIS optical path since launch in 2000 and has been developing more quickly since late 2009. These considerations are less important in Mk 34 than in objects with softer spectra.
Independent of count rate or phase, the shapes of all 54 spectra were very similar in shape. For each 0.5−8 keV spectrum, ACIS Extract calculates the mean observed energy, E , of its constituent events. The set of these values has a narrow distribution characterised by a mean absolute deviation of 0.042 keV about a median of 2.238 keV. The brightest and second brightest observations had E = 2.284 keV and E = 2.305 keV, respectively, comfortably within the overall distribution. Only the faintest spectra immediately after maximum were significantly harder probably due to increased photoelectric absorption, as discussed below.
Spectral models were fit with XSPEC v12.6.0v simultaneously to all 54 spectra consisting of a constant empirical emission spectrum modified by 54 time-dependent values of luminosity, LX , and absorbing column density, NX , of LMC abundances. The emission was modelled with a 2-temperature thermal plasma of variable abundances with the best-fit parameters shown in Table 4 . The purpose of the model is not to imply the simultaneous presence of two equilibrium plasmas of distinct temperature or to study the abundances but instead accurately to reproduce on a phenomenological basis the shape of the underlying spectrum in order to assess the evolution of luminosity and absorption.
The 54 values of LX and NX are plotted in Figure 6 in units characteristic of familiar colliding-wind binary systems in the Galaxy of 10 34 erg s −1 and 10 21 cm −2 for luminosity and column density respectively. In Mk 34, both show coherent repeatable behaviour as a function of phase. Figure 6 also suggests how pile-up has distorted the observed spectra by plotting with open symbols the values of LX and NX derived instead from analysis of the set of pile-up restored spectra supplied by ACIS Extract. Recalling that pile-up affects typically 8% and up to 17% of counts by discarding or moving them to higher energies, apparent hardening of the spectrum of Mk 34 at its brightest which might have been thought due to increasing absorption was more likely caused by pile-up.
Mk 34 is an order of magnitude more luminous than any similar galactic system. After apastron, its luminosity increases slowly at first before accelerating to reach a maximum brighter by a factor of about 3 that immediately precedes an event that looks like an eclipse. Within the limits of the data available, the steady recovery is reproducible between cycles and shows a sharp transition at +20 days after periastron to the gentle decrease that leads again to apastron.
The lack of colour variations throughout most of the orbit suggests that a constant interstellar component might account for most of the absorption observed in most of the spectra with a value of about 15 × 10 21 cm −2 according to Figure 6 . This is indeed consistent with expectations from Mk34's optical and IR photometry which shows some of the highest reddening among the hot stars in 30 Doradus. For the narrow-band colour excess E b−v , Doran et al. (2013) reported a value of 0.47 compared to 0.75 from the models of Hainich et al. (2014) . For the elevated gas-to-dust ratio in R136 cited by Doran et al. (2013) and the low metallicity of the LMC, Z = 0.5, also used in the X-ray absorption model, this would imply an interstellar hydrogen column density of 11 or 17 × 10 21 cm −2 for the competing values of E b−v , bracketing the X-ray value.
Although through most of the orbit there is little evidence of X-ray colour changes, absorption does reach a maximum of about double the interstellar value for 2 or 3 weeks centred about 10 days after X-ray maximum during the single X-ray eclipse revealed by the light curve when one of the stars is probably passing across the line-of-sight. Here low count rates make some estimates uncertain although there are some more precise measurements after eclipse egress. An- other task of future observations with more complete phase coverage will be to try to identify a second eclipse.
FORM OF THE X-RAY LIGHT CURVE
The distinctive shape of the folded X-ray light curve of Mk 34 is very similar in phased form to that seen recently in the Galactic very massive Wolf-Rayet colliding-wind binary system WR 21a (Sugawara et al. 2015a; Gosset & Nazé 2016) with a combination of 100 ks of XMM-Newton data at four phases and 306 ks of a Swift ToO XRT campaign of 330 snapshots spread evenly over the entire 31.672-day period of its optical radial velocity orbit (Niemela et al. 2008; Tramper et al. 2016) . A comparison of the two stars is shown in Figure 7 where Mk 34's zero phase was shifted forward 10 days from its observed maximum count rate and the Swift XRT count rate was halved. Despite the differences in period of Figure 7 . Phase-dependent Chandra ACIS-I X-ray count rate of Mk 34 in comparison with the Swift XRT light curve of the Galactic Wolf-Rayet eccentric binary system WR 21a after setting zero phase of Mk 34 10 days after its X-ray maximum.
a factor of 5 and luminosity of more than an order of magnitude, the similarities are striking in the gradual rise to maximum followed by the subsequent deep minimum and asymmetric recovery. The well-established spectral types of WR 21a, O3/WN6ha+O3Vz((f*)), and its Keplerian orbital elements (Tramper et al. 2016 ) allow an assessment of the relationship between X-ray orbital light-curve morphology and stellar and orbital geometry as discussed in part by Gosset & Nazé (2016) . Its minimum is probably caused, qualitatively at least, by some combination of three mechanisms: absorption by the extended wind of the Wolf-Rayet star; eclipse by its stellar core; and reduced upstream shock velocities. The potential utility of X-ray measurements is emphasised by the lack of eclipses at longer wavelengths although quantitative models remain to be devised. Once Mk 34's orbit is known in the near future, such quantitative models would seem to be required as simple arguments, although hard to fault, appear to fail: if the similarity of their X-ray light curves were to suggest similar orbital eccentricities for Mk 34 and WR 21a, then, as demanded by Kepler's laws, scaling the sum of WR 21a's minimum masses of 102 ± 6 M (Tramper et al. 2016) by the period ratio and the cube of the relative velocity amplitudes according to Chené et al. (2011) would suggest unfeasibly high combined minimum masses of over 1000 M for Mk 34.
Mk 34 and WR 21a are not the only binary systems with very massive Wolf-Rayet primary stars that show highamplitude orbital phase-related X-ray variability of apparently similar type. Of Crowther & Walborn's (2011) very massive stars, WR 25 in Carina and WR 43c in NGC 3603 are two other clear but more complex examples. The binary properties of the four systems, with periods ranging from about 10 to 200 days, are shown in Table 5 which also includes rough estimates of the X-ray luminosities at apastron, when the stars are furthest apart; at X-ray maximum, often close to periastron; and at eclipse minimum. Phased X-ray light curves are plotted in Figure 8 scaled by distance to show their relative luminosities. Swift XRT data of WR 21a and WR 25 were scaled by a factor of 4.0 calculated from comparison of the ACIS-I count rate during the observation of WR 21a with ObsID 9113 with similar phases of the XRT light curve.
Mk 34 is the most luminous by about an order of magnitude, probably signalling the presence of two extreme stars in close proximity with high mass-loss rates and highvelocity winds. Repeatable events with all the appearance of eclipses occur in all four systems. For the well-established orbits of WR 21a and WR 25 these occur very close to inferior conjunction when the primary Wolf-Rayet star is passing in front of its binary companion and presumably also, therefore, in front of the X-ray source between the two stars. Like Mk 34, both these stars also show increased X-ray absorption in narrow intervals around these phases. These do not apply to the system of shortest period, WR 43c (Schnurr et al. 2008) , one of the central stars in the cluster NGC 3603, where the smoother minimum rather occurs near a quadrature. As argued above, once orbital geometry has been defined by Kepler's laws, X-ray eclipses by star and wind promise direct estimates of fundamental parameters such as orbital inclination, stellar radius and mass-loss rate such as attempted, for example, by Pollock (2012) for WR 25. The data shown here for WR 25 and WR 43c will be discussed in detail elsewhere.
Luminous colliding-wind X-ray sources of highamplitude orbital-driven variability are by no means ubiquitous among very massive Wolf-Rayet binary systems. The close binary WR 43a (WN6ha+WN6ha, P=3.7724d) in NGC3603 (Schnurr et al. 2008 ) is normally less luminous in X-rays than its neighbour WR 43c. Also fainter by an order of magnitude or more are the short-period WR 20a (O3If*/WN6+O3If*/WN6, P=3.686d) (Nazé et al. 2008) , and the longer period WR 22 (WN7h+O9III-V, P=80.336 d) (Gosset et al. 2009 ) although the phase coverage of these last two systems has been poor.
Even among colliding-wind binaries in general, Mk 34 is arguably the most luminous system yet identified. Also shown in Table 5 are comparisons with the brightest and best observed objects of this class, namely η Carinae (Hamaguchi et al. 2014; Corcoran et al. 2015 Corcoran et al. , 2017 , WR 140 (Pollock et al. 2005; Sugawara et al. 2015b ) and WR 48a (Williams et al. 2012; Zhekov et al. 2014) .
Despite much longer orbital periods of years and decades, all show X-ray cycles with many properties in common with Mk 34 with differences only of detail. In addition to a rich set of lines, spectra feature hard, bright X-ray continuum emission with equivalent temperatures of 4-5 keV. After minimum at apastron, luminosities rise gradually to maximum shortly before periastron before sudden, complex eclipses very close to periastron precede notably slow and asymmetric recoveries towards apastron and the beginnings of a new, usually repeatable cycle.
The only rival to Mk 34's status as the most X-ray luminous of the colliding-wind binaries is the LBV system η Carinae which displays several characteristics that are so far unique (Corcoran et al. 2015) including flares and eclipses of variable shape. It was during a flare in the approach to the most recent periastron passage in 2014 that η Carinae reached the exceptional maximum luminosity reported in Table 5 that was about 50% higher than in previous cycles (Corcoran et al. 2017) . For Mk 34, while the good agreement between the contrasts in count rate observed in compari- son with XMM-Newton and Swift tend to suggest a reproducible maximum, data at maximum are sparse so that this should be subject to test with more Chandra data of high spatial resolution.
While Mk 34 is likely to be a system of two hydrogenrich Wolf-Rayet stars, the high luminosity of η Carinae is supposed to be powered by interactions of a slow, dense LBV wind and the much faster wind of an unidentified companion. Nevertheless, given the obvious similarity of spectra and light curves, Mk 34 and η Carinae probably share many aspects of shock physics and geometry.
CONCLUSIONS
Mk 34 is one of the most prominent Wolf-Rayet stars in the LMC and the brightest stellar X-ray source. Chandra ACIS-I observations made as part of the 2 Ms T-ReX campaign on the dense stellar cluster 30 Doradus, have revealed that it has a repeatable X-ray cycle of 155.1 days that is confirmed by archived XMM-Newton data and new ToO observations with Swift. It is the most X-ray luminous colliding-wind binary system yet identified, exceeding even η Carinae.
Though lacking coverage at some crucial phases, the form of the phased X-ray light curve of Mk 34 appears repeatable and very similar to the Galactic colliding-wind binary system WR 21a which is of shorter period and lower luminosity but whose more detailed light curve suggests that a combination of binary, geometrical and radiative mechanisms is responsible for the distinctive gradual rise to maximum before the sudden onset of a deep minimum and gradual recovery.
We are in the process of establishing the optical radial velocity orbit of Mk 34 in order to define how the geometrical disposition of the stars is related to its X-ray behaviour. Although located 50 kpc away in the LMC, Mk 34 is a brighter X-ray source most of the time than many well-known WolfRayet systems in the Galaxy. As a result, high-resolution observations with the Chandra HETG will also be also fea- sible to confirm a variety of low metal abundances in the LMC and study the physics and dynamics of the shocks responsible for its X-rays. Detailed future X-ray photometry holds the promise of direct estimates of the radius of one or both of the stellar components of Mk 34, widely thought to be among the most massive of stars.
